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Nien-Tai Hu, Peih-Rur Lin and Roger F. Hou (1991) p-Galactosidae gene as
selection marker for expression vectors of Bombyx mori nuclear polyhedrosis virus.
Bull. Inst. Zool., Academia Sinica 30(2): 87-98. Transplacement plasmids utilizing
the polyhedrin gene promoter of Bombyx mori nuclear polyhedrosis virus (BmNPV)
have been constructed in this Ilaboratory. Production of hepatitis B virus surface
antigen (HBsAg) from the Bombyx mori cells and the silkworms infected with the
recombinant virus has also been demonstrated. While the absence of occulsion
bodies (Occ~) was taken as the selection marker, it was somewhat difficult to
identify the recombinant viruses without experienced .eyes. Thus, the selection had
to rely upon the time-comsuming, but less efficient, hybridization method. In order
to improve the selection method, the lacZ gene of Escherichia coli was introduced
into the BmNPV transplacement plasmids. A set of six, each with two polyhedrin
gene promoters, were constructed. One of the two promoters was used to promote
the transcription-of the lacZ gene, while the othér was left with the cloning site at
the appropriate location for the expression of a foreign gene.  ‘The gene encoding
the major S protein of hepatitis B virus -was cloned into such -transplacement
plasmids. Production of the recombinant viruses containing the HBsAg gene was
accomplished by cotransfection of BmN cells with the recombinant plasmid and
BmNPV DNA. Blue plaques were observed on plates containing the indicator for
B-galactosidase, X-gal. No other effort was needed to distinguish them from the
surrounding white plaques produced by the wild type BmNPV. Through four or
five rounds of blue plaque picking, purified recombinant virus without any polyhedra
was obtained from the blue plaque. The lacZ gene expression has certainly provided
a convenient alternative for the selection of the recombinants. ’

Key words: Baculovirus expression vectors, ,9-‘ga1actosidase gene expression, Blue
plaques, HBsAg expression, BmNPV.

Baculovirus expression vectors have
been widely used in synthesizing hetero-
logous proteins in insect cells (Luckow
and Summers, 1988; Maeda, 1989a). Trans-
placement plasmids which contained the
polyherdin gene promoter and the flank-

ing sequences served as an intermediate
in the construction of recombinant viruses
for the expression of foreign genes in
insect cells. Cotransfection of insect
cells with the wild type Baculovirus DNA
and the transplacement plasmid contain-
ing the foreign gene allowed the foreign
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gene inserted downstream of the poly-
hedrin gene promoter to replace the wild
type polyhedrin gene. Isolation of re-
combinant viruses from among 100~ to
1,000-fold more wild type viruses has been
relying upon the absence of occlusion
bodies (Occ™) in cells infected by the
recombinant viruses (Luckow and Sum-
mers, 1988; Miller, 1988). However, wild
type BmNPV formed precipitate-like
plaques on BmN cells (Hung and Hu,
unpublished observation). Being Occ-, the
recombinant virus did not form the

precipitate-like plaques,-nor clear plaques.

This made the screening for Occ~ plaques
not only time-consuming but also in-
accurate. The problem has been improved
by cloning a subline of BmN cells which
formed clear plaques while infected by
Occ™ virus (Maeda, 1989b). In our case,
we decided to introduce an additional
'screening marker into our BmNPV trans-
~ placement plasmids. The lacZ gene of
Escherichia coli was chosen, because an
AcNPV polyhedrin/g-galactosidase fusion
gene was shown to give rise to blue
plaques in Spodoptera frugiperda cells
(Pennock ef al., 1984). A similar fusion
gene was introduced into the BmNPV
transplacement plasmids which were con-
structed by Hung (1989). Recombinant
viruses containing the gene encoding
the surface antigen of hepatitis B virus
(HBsAg) was plaque purified using the
blue color produced from the degrada-
tion of X-gal by p-galactosidase as a
marker. The production of HBsAg in
BmN cells was compared to that produced
by a control recombinant virus which
contained an identical construction of
HBsAg gene but lacked ‘the second
polyhedrin gene promoter.

MATERIALS AND METHODS

Plasmids, virus and cell line
The plasmid pAV5/p-gal was a kind

(1989).
from Ms. M. Funakoshi.

gift of Dr. M. Fraser. The plasmid pTWS1
containing the gene encoding the major
S of hepatitis B virus was made available
by Dr. K. B. Choo and the plasmid
pHBVMM containing the gene encoding
the middle S gene with a G to A change
on the third base upstream of ATG and
a C to G change on the fourth base from
the A of the initiation codon came from
Dr. S.J. Lo. All other plasmids used in

the constructions were obtained from our

previous work. The recombinant virus
BmHBs324P was constructed by Hung
The BmN cell line was obtained

Reagents, buffers and enzymes

The low melting point agarose (Sea-
Plaque® agarose) used in the plaque assay
was purchased from FMC. The trans-
fection reagent (DOTMA) was purchased
from Boehringer Mannheim. An EverNew
Monoclonal HBsAg EIA kit was used in
the ELISA assay. The other buffers used
in the cell culture, cotransfection and the
plaque assay were according to Summers
and Smith (1987). Enzymes used in
plasmid constructions were purchased
from Boehringer Mannheim.

- Isolation of polyhedra

Fifth instar larvae of silkworms were
infected with BmNPV by feeding them
mulberry . leaves covered with virus
suspension.  On the fifth day post-
infection, the . moribund larvae were
collected and stored at —20°C for poly-
hedral isolation. The larvae suspended in
water were broken apart in a blender.
The filtrate passing through the cheese-
cloth was centrifuged at 1,500xg for 10
min. The collected pellet, resuspended
in a solution composed of distilled water,
n-butanol and #n-hexane (at ratio of
10:4:1), was blended further in polytron
and centrifuged as before. The pellet
resuspended in 005M Tris-HCl, pH 8.0
was layered over a 30%-80% sucrose
gradient at 8100X g for 30 min. A turbid
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band near the bottom of the gradient
was collected and washed three times
with 0.05M Tris-HCI, pH 8.0, followed by
centrifugation at 1,500xg for 10 min.
After the last centrifugation, the white
pellet containing the occluded virus was
lyopholized for storage or resuspended
in 005M Tris-HCI, pH 80 for the puri-
fication of BmNPV DNA (Lin, 1990).

Purification of BmNPV DNA

BmNPV DNA was purified from 500
mg polyhedra following the procedures
of Corsaro and Fraser (1988). BmNPV
DNA was released from the viral parti-
cles by treatment with quanidinium
isothiocyanate, and then purified through
two CsCl step gradients in the presence
of ethidium bromide. The supercoiled
DNA, recovered from the second CsCl
‘gradient, was treated with isoamyl
alcohol to remove ethidium bromide
followed by dialysis against 0.1xSSC
(Maniatis et al., 1982).

Construction of lacZ+ transplacement

plasmids
All recombinant DNA techniques used

were according to Maniatis ef al. (1982).

The chimeric gene, composed of the
Autographa californica nuclear polyhedrosis
virus (AcNPV) polyhedrin gene promoter
and the lacZ gene of Escherichia coli, was
recovered from pAV5/8-gal as a Swmal-
EcoRV fragment. For the construction of
the fusion plasmids, pBmT538 (+38),
pBmT638 (+38), pBmT539 (+39) and
pBmT639 (+439), the chimeric gene was
introduced into pPD413 (+38) and pPD436
(+39) (Hung, 1989), respectively, at the
Hpal site upstream of the promoter. The
number in parentheses designates the
number of nucleotides of the coding
sequence of BmNPV polyhedrin gene
present upstream of the cloning site.
For each BmNPV polyhedrin gene pro-
moter, two clones were obtained, one with
the chimeric gene transcribed in the

opposite direction to that of the BmNPV
polyhedrin gene (pPD538 and pPD539) and
the other with the same direction of
transcription (pPD638 and pPD639). In
order to complete the construction, a
BamHI-EcoRI fragment from pXBE, which
contained sequences downstream of the
BmNPV polyhedrin gene, was inserted
into each of the pPD plasmids (Fig. 1).

A different strategy was used in the
construction of the nonfusion plasmids,
pBmT524 (—18) and pBmT624 (—18). The
number in parentheses designates, in this
case, the number of nucleotides deleted
upstream of the initiation codon of the
BmNPV polyhedrin gene. In order to
facilitate the construction, the down-
stream sequence was introduced into
pPD324 (—18) before the insertion of the
chimeric gene (Fig. 2). Again, the
chimeric gene in pBmT524 was transcribed
in the opposite direction to that of the
BmNPYV polyhedrin gene, whereas the two
promoters in pBmT624 were in the same
direction of transcription.

Construction of plasmids containing

HBsAg genes

The nonfusion transplacement plas-
mids pBmT524 and pBmT624 were chosen
for this construction. The gene encoding
the major S of HBV was recovered from
pTWS1 as a BamHI fragment. The
BamHI-generated ends were filled with
dNTP using Klenow enzyme and ligated
into the Xbal site of the plasmids, with
the ends made blunt as before. The gene
encoding the middle S was recovered
from pHBVMMS as a Sall-Smal fragment
and cloned into pBmT524. All construc-
tions were confirmed by various combina-
tions of restriction enzyme digestions.

Cotransfection and plaque purification

Construction of recombinant virus
with foreign genes replacing the poly-
hedrin gene of the wild type BmNPV
was made possible wvie introduction of
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BER BmNPY Polyhedrin Gene Promoter
ACNPV.- Polyhedrin Gene Promoter
3 Upstream of BmNPU Polyhedrin Gene
B Downstream of BMNPV Polyhedrin Gene
f-galactosidase Gene

PBR322  —5 pirection of Transcription

Smal
EcoRV partial digestion

BamHI, EcoRI

Fill in

Fig. 1. Construction of BmNPV transplacement fusion plasmids: pBmT538, pBmT539, pBmT638, and
pBmT639. Abbreviations are as follows: B, BamHI; E, EcoRI; H, Hpal; HIII, HindIIl; RV,
EcoRV; Sm, Smal and X, Xbal.

both wild type BmNPV DNA and the a transfection-agent. (DOTMA)-mediated
recombinant plasmid containing the method (Felgner et al., 1987) was followed
foreign genes. Calcium phosphate preci- in the cotransfection of BmN cells. with
pitation (Summers and Smith, 1987) or BmNPV DNA and the recombinant DNA
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BmNPV Polyhedrin Gene Promoter
ACNPY Polyhedrin Gene Promoter

1 Upstream of BmNPU Polyhedrin Gene
3 Downstream of BmNPV Polyhadrin Gene
p-galactosidase Gene

—3 Direction of Transcription

pBR322

Smal

Hpal
EcoRV partial digestion

k4

186 kb

HII HI

Fig. 2. Construction of BmNPV transplacement nonfusion plasmids: pBmT524 and pBmT624.
Abbreviations are as in Fig. 1.
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containing HBsAg gene. The plaque
assay was according to Summer and
Smith (1987) with slight modifications.
In the overlay agarose, 5-bromo-4-chloryl-
3-indolyl-g-D-galactopyranoide (X-gal)
was included at 150 pg/ml.
appeared after 3-5 days of incubation at
28°C. Contaminated with wild type
BmNPV, the recombinant virus was
purified through four to five rounds of
plaque picking, dilutions and plaque
assay.

ELISA assay of HBsAg

BmN cells at 1.2x10° per dish (60x15
mm) were infected with viruses at an MOI
of 1. Both culture medium and cell
extract were collected on the first to the
fourth day post-infection. The cell
extract was prepared by sonication of
PBS-washed cells, followed by centrifuga-
tion at 10,000rpm for 20 min. The

A

Blue plaques

supernatant collected from the centri-
fugation was taken as the cell extract.
The amount of HBsAg in each sample
was determined by ELISA assay using
the EverNew Monoclonal HBsAg EIA
kit. Samples with absorbancy at 490 nm
higher than 1 were diluted serially to the
point that the absorbance was within the
liner range (0.2-1.0 OD,y) of the standard
curve.

RESULTS

Expression of lacZ gene of E. coli in BN
cells

Cotransfection of BmN cells with
pAV5/8/gal and BmNPV -DNA gave rise
to a blue plaque on plates supplemented
with X-gal. This result suggested that
the lacZ gene under the control of the
polyhedrin gene promotor of AcNPV can
be expressed in BmN cells. The cassette

B

Fig. 3. Plaque assay with X-gal in the agarose overlay, photographed with light above the plate on
two sides (A) and with light underneath plate (B). In (A) “rec” indicates the blue plaque
formed by recombinant virus, "wt” points to the white plaque formed by the wild type virus.
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Fig. 4.

C

BmNPV-infected BmN cells ini blue plaque observed

under the inverted microscope. (A)

infected with recombinant virus containing lacZ gene on the 4th day post-infection; (B)

infected with type BmNPV; (C) uninfected cells.

containing the AcNPV polyhedrin gene
promoter and the lacZ gene from pAVS5/
B-gal was thus introduced into the
BmNPV transplacement plasmids con-
structed previously in this laboratory
(Hung, 1989). The original BmNPV poly-
hedrin gene promoter was left available
for expressing the foreign gene. Cotrans-
fection of BmN cells with the newly
constructed transplacement vectors and
BmNPV DNA again yielded blue plaques
on X-gal plats (Fig. 3). Three to five
days post-infection, the cells infected by
the LacZt recombinant virus locked blue

(Bar=100 zm)

under the inverted microscope with no
polyhedron in the nucleus (Fig. 4A). In
contrast, those infected by the wild type
virus looked colorless with polyhedra-filled
nucleus (Fig. 4B) and uninfected cells
had neither polyhedra nor color (Fig. 4C).

Purification of recombinant virus contain-
ing the HBsAg gene from blue plaques
on X-gal plate

The middle S and the major S genes
of hepatitis B virus were introduced into
one or both of the nonfusion, LacZ*
transplacement plasmids pBmT524 and
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BmNPY Polyhedrin Gerne Promoter
ACNPVY Polyhedrin Gene Promoter
Upstream of BmNPY Polyhedrin Gene
Douwnstream of BmNPY Polyhedrin Gene

f-galactosidase Gene
HBsRg Major S Gene
Direction of Transcription

LERAO BN

pHBs524B

2 kb

HIO

RS BrNPV Polyhedrin Gene Promoter
ACNPV Polyhedrin Gene Promoter
‘T3 Upstream of BmNPY Poluhedrin Gene
Dounstream of BmNPY Polyhadrin Gene
v f-g2lactosidase Gene
B E=] HBsAg pre~-S2 and S Gene
—> Direction of Transciption

pHBs5245

27

Fig. 5. Structures of (A) pHBs524B, pHBs624B and (B) pHBs524S. Restriction sites are represented
as in Fig. 1.
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pBmT624, both of which contained a —18
BmNPYV polyhedrin promoter (Lin, 1990).
Each of the recombinant plasmids,
pHBs524B, pHBs624B and pHBs524S (Fig.
5), was cotransfected into BmN cells with
BmNPV DNA. Recombinant viruses
would be generated from the transfected
cells as a result of a DNA exchange
between the wild type polyhedrin gene
and the flanking sequences of the poly-
hedrin gene present in the recombinant
plasmid. Since both the lacZ gene under
the control of AcNPV promoter and a
HBsAg gene downstream of the BmNPV
promoter were flanked by the sequences
upstream and downstream of the poly-
hedrin gene, the recombinant viruses
produced from the recombination event
contained both foreign genes. Replace-
ment of the wild type polyhedrin gene
with the lacZ gene produced recombinants
which were not only Occ™ but also LacZ*t.
Through four or five rounds of blue
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plaque picking, purified recombinant
viruses without any polyhedra were
obtained.

Production of HBsAg in BmN cells

The presence of HBsAg gene under
the control of BmNPV polyhedrin gene
promoter in the recombinant virus
genome allowed the virus to produce
HBsAg late iri the infection of the BmN
cells. BmN cells infected by purified re-
combinant virus BmHBs524B, BmHBs624B

or BmHBs524S at MOI (multiplicity of
infection) of 0.1 were examined for the

production of HBsAg on various days
post-infection. The amounts of HBsAg
were determined for both culture medium
and sonicated cell extract using enzyme-

linked immunoassay. For comparison, the
recombinant virus BmHBs324P, which

contained the same construction of

HBsAg as those in BmHBs524B and
BmHBs625B but without a second poly-

hedrin gene promoter for the expression
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- wt
J24P
Xl 524B
0.5} 8248
2 | oms2s
8
o
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Post infection (days)

Fig. 6.

Comparison of HBsAg expression in BmN cells infected by various recombinant viruses.

Mock, infected by media; wt, infected by wild type BmNPV; 324P, infected by BmHBs324P;
524B, infected by BmHBs524B; 624B, infected by BmHBs624B and 624S, infected by BmHBs624S.

Both media (A) and cellular extracts (B) were quantitated for HBsAg.

The amounts of

HBsAg were represented as mg per 10° cells.
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of the lacZ gene, was included in the
same experiment. Mock and wild type
BmNPYV infected cells were also included
as negative controls. As shown in Fig.
6, HBsAg detected in the culture medium
rose with days after infection for all four
recombinants. On the other hand, highest
levels of HBsAg in sonicated cell extracts
appeared on different days for different
recombinants, the second day for
BmHBs524B and BmHBs624B and the
fourth day for BmHBs324P. In contrast
to the above three recombinants, very
low levels of HBsAg were detected in the
cellular fraction of the virus BmHBs524S,
which contained the pre-S2 region of
HBsAg gene. Starting from the second
day, HBsAg began to be present in the
extracellular fraction. The highest total
levels of synthesis of HBsAg in the four
recombinants BmHB324P, BmHB524B,
BmHB624B and BmHB524S were 6.1, 2.8,
1.6 and 0.7 mg/10° cells, respectively.

DISCUSSION

An AcNPYV polyhedrin/g-galactosidase
fusion protein was shown to be syn-
thesized in insect cells at a high level
(Pennock ef al., 1984). The synthesis of
B-galactosidase was temporarily regulated
as that of the original polyhedrin protein.
Despite the difference in the host range
of AcNPV and BmNPV, we demonstrated
in this study that an AcNPV polyhedrin/
B-galactosidase fusion gene was expressed
in silkworm cells. Furthermore, it was
also suggested by this study that it is
possible to utilize this fusion gene in the
screening of recombinant viruses. Com-
parison of the 5 flanking region of the
polyhedrin gene of AcNPV and that of
BmNPV revealed that the two were
highly homologous within the 70-bp
region upstream of the initiation codon
(Rohrmann, 1986). On the other hand,
another late gene encoding a 10kd

protein, called pl0, appeared to be re-
gulated in the same way as the poly-
hedrin gene. But its 5/ flanking sequences
upstream of the initiation codon were
not as conserved (Kuzio ef al., 1984). In
this study, we chose the AcNPV poly-
hedrin gene promoter for the expression
of the lacZ gene and observed that the
presence of the AcNPV polyhedrin gene
promoter affected the expression of the
foreign gene under control of BmNPV
polyhedrin gene promoter. Vialard ef «l.
(1990) inserted the lacZ gene downstream
of the pl0 gene promoter and detected
no difference in the expression of the
foreign gene under control of the AcNPV
polyhedrin gene promoter. Whether the
lower level of synthesis of HBsAg
detected in BmHBs524B- and BmHBs624B-
infected cells as compared to that in
BmHBs324P-infected cells was due to a
reduced level of transcription awaits
further RNA hybridization experiments.

Synthesis of HBsAg in AcNPV-
infected Spodopters frugiperda cells (Sf
cells) has been reported by many labora-
tories (Kang et al., 1987; Price et al,
1988; Takehara ef al., 1988; Lanford et al.,
1989). On the other hand, expression of
the HBsAg gene in BmNPV-infected
silkworm cells was first reported by this
laboratory (Hung, 1989). The levels of
synthesis of the major S protein as non-
fusion protein reported in this study were
comparable to those synthesized using
AcNPV polyhedrin gene promoter. Since
the BmNPV polyhedrin gene promoter
utilized for the synthesis of HBsAg in
this study was deleted up to the 18th
basepair upstream of the initiation codon,
the potential for raising the level of
expression exists. A four-fold increases
in the expression of human o-interferon
in silkworm cells was observed when the
19-bp region upstream of the initiation
codon was reintroduced (Horiuchi ef al.,
1987).



BLUE PLAQUES FORMED BY BmNPV-INFECTED BmN CELLS 97

The observation that major S protein
was detected mainly in the cytoplasmic
fraction agrees with that of Lanford et
al. (1989). In contrast, the introduction
of the pre-S2 region in the construction
gave two different results. Price ef al.
(1988) detected both extracellular and
cytoplasmic HBsAg, whereas we observed
only extracellular HBsAg protein. The
difference may have arisen as a con-
sequence of the two base changes in the
vicinity of the initiation codon in the
pre-S2 region used in this study. The
base changes made the initiation codon
of the pre-S2 more efficient in ribosome
binding according to Kozak’s rule (Kozak,
1986). The original pre-S2 region was
included in the construction of Price et
al. (1988). Their immunoblot analysis
showed that the HBsAg in the extra-
cellular fraction were constituted of
major and middle S proteins at a ratio
of 2-3:1, whereas only major S was
detected in the cytoplasm. Since only
the ELISA assays were performed in this
study, the ratio of the two proteins
detected in the extracellular fraction of
BmHBs524S-infected cells was not deter-
mined. However, as Scully and Kang
(1989) reported, modification of the
putative ribosome binding site of pre-S2
promoted preferential synthesis of the
middle protein in AcNPV-infected Sf
cells.

Inclusion of lacZ gene in the baculo-
virus transplacement plasmids made the
screening of the recombinant viruses
much more convenient. Guided by the
blue color on the X-gal plate, one can
pick the recombinant virus easily for
further purification. Examination for the

absence of occlusion bodies or plaque
hybridization was entirely eliminated
from the whole praocess. Reintroduction
of the missing 18-bp region upstream of
the initiation codon may compensate for
the reduced synthesis due to the presence

of a second polyhedrin gene promoter.
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